Background: The role of alcohol use as a cause of disease and a determinant of individual health has been examined by a large number of researchers and is an important policy issue.
Introduction
Much has been written about the health problems that arise from the recreational consumption of alcohol. Often the focus is on alcohol abuse but there are a number of researchers who express concerns over moderate alcohol use as well. Room et al (2005) , Boffeta and Hashibe (2006) , Rhem et al (2006) , Li (2008) , Lauer and Sorlie (2009) all stress the negative effects of alcohol use. But there is an extensive literature on the effects of alcohol on mortality and health which takes a more favorable view. The main findings in this literature are summarized by O' Keefe et al. (2007 Keefe et al. ( : 1009 by saying "An extensive body of data shows concordant J-shaped associations between alcohol intake and a variety of adverse health outcomes, including coronary heart disease, diabetes, hypertension, congestive heart failure, stroke, dementia, Raynaud's phenomenon, and all-cause mortality. Light to moderate alcohol consumption (up to 1 drink daily for women and 1 or 2 drinks daily for men) is associated with cardioprotective benefits, whereas increasingly excessive consumption results in proportional worsening of outcomes". statistical procedure employed (mixture models) can deal with the small number of respondents whose present alcohol consumption behavior differs from their historical behavior.
This study examines the effects of alcohol consumption on the probability that an individual will have cancer, coronary heart disease, diabetes and stroke, four leading causes of Canadian ill-health. It also examines the effect of drinking behavior on self-reported health.
It has the following structure. The first section deals with the effects of alcohol on cause specific mortality and why these results are often misinterpreted. Section 2 analyzes the effect of alcohol consumption on self-perceived health using data from two Canadian Community Health Surveys, Statistics Canada (2009 . Results are discussed in the next section and the paper ends with a discussion of the results and some conclusions.
Data and Variables
The data used in this study comes from a series of Canadian Community Health Surveys with the main focus on the 2011-12 survey. Statistics Canada carries out large detailed surveys on the health of Canadians on a regular basis. The focus of attention is on a recent pair of surveys carried out in 2011 and 2012 involving more than 130000 representative Canadians although for comparison purposes some reference is made to the 2007-08 surveys. Statistics Canada collects information on health outcomes, drinking, smoking, dietary, and exercise behaviour as well a large number of individual socio-demographic characteristics.
In addition to the variables listed in Table 1 information on the respondent's educational attainment -5 categories, smoking behaviour -7 categories, marital status -2 categories, geographic region -5 categories, body mass index, and income, were used in the statistical analysis. Alcohol use is represented by a frequency variable. There are eight frequencies. These are listed in Table 3 . The representation of alcohol use was preferred to the number of drinks consumed per day or per week since it is less vulnerable to recall error. Data on drinks per day or week also does not agree with published data on per-capita alcohol sales. The term `regular drinker' is used from time to time in the text. A regular drinker consumes a standard drink (12.5 gm of alcohol) at least once a week. Statistics Canada has a different definition. It defines a regular drinker as one who consumes alcohol at least once a month. This is not a good definition since there are significant differences across the sub-categories within the category at least once a month. This is also true for the term itself so it is never used in a statistical model as a category. There is also a variable called `heavy drinker'. This is defined here as drinking 5 or more drinks on one occasion at least once a week.
All models use normalized regressors. These are variables which have been transformed to zero mean unit variance variables. When these are used the size of the regression coefficient represents the importance of the variable. Inferences about significance are not affected by the transformation.
All individuals who reported their health status, were age 30 or over, and did not reside is any of the territories are included in the analysis. The restricted sample contains 42185 males and 54060 females. Respondents under age 30 do not usually suffer from the diseases considered here and were excluded for that reason. The analysis was gender specific and all models were run on three age groups: 30-49, 50-69 and 70 +. Ten year age groups were considered but the additional age disaggregation added nothing to the analysis. Statistics Canada provided sample weights which make the survey representative of the entire population. It recommends their use in any type of regression procedure. They were used here, although for most parameters there was very little difference between weighted and un-weighted estimates.
Methods and Statistical procedures
Let {y ij =1} be the event that respondent i has disease j and let the probability of this event be
where X i is a vector of characteristics of respondent i and F is a cumulative distribution function. Some of the elements in X i represent alcohol use behaviour at the time of the survey. Using data like this to explain whether alcohol consumption has any effect on whether a person has a particular disease is often seen as problematic since disease probabilities are usually associated with life-time and not current alcohol use. This explains the preference for longitudinal data for this type of analysis. However, has been recently shown by McIntosh (2014) , Canadian alcohol consumption behaviour is very stable over large age ranges for most adults and begins to decline significantly only after age 70. These results are confirmed by the data in Table 2 . Since this is not true for the entire sample a method which deals with respondents whose current alcohol consumption behaviour differs from life-time behaviour is needed.
The procedure to be used here uses latent class analysis. Suppose there is a typology of respondents where type A respondents have not changed their drinking habits since being an adolescent and type B have. Let the two disease probability distributions for disease j be F jA and F jB and let the probability of being type A and B be P jA and P jB , respectively. The probability distribution for the latent class model is the mixture distribution
In (2) the presence of the two latent classes allows the probability of having disease j to depend on the individual's type. This is done here by allowing the mean of each distribution to be a linear function of the regressors associated with drinking behaviour which is specific to each type. Formally, this means that
Where the parameters are the same for all respondents and α = β for all non-alcohol related regressors.
Results
Parameter estimates based on un-mixed models appear in Table 3 for males and females for the three age groups defined above.
Mixture models were estimated for each of the four diseases but these did not lead to an improvement in model performance. Unmixed models were always supported by the Bayesian information criterion as the best choice of model to explain the data.
For coronary heart disease, diabetes and stroke the probability of having the disease is lowest for the drinking categories of more than once a week. For coronary heart disease it is lowest for respondents who drink every day. Drinking 2 to 3 or 4 to 6 times a week also have large and significant negative regression coefficients associated with them. Regular alcohol use is most important for the age group 50-69 although it is also important for the other two age groups. Although, there are some differences across the two genders the results are broadly similar.
The results for cancer are quite different. For the age group 30-49 most of the drinking categories are associated with a significantly lower probability of having cancer. The regression coefficients are quite large especially for those male respondents who drink 4 to 6 times a week. For the other two age groups alcohol use has little effect and only 3 of the 28 cancer coefficients are significant. This result differs from what other researchers have found and will be discussed in the next section.
The results for self-reported health are based on an unmixed ordered probability model and they are similar to those for coronary heart disease, diabetes and stroke. In all of the models other regressors were included. Respondents who were well educated, married, not overweight, did not smoke, and for self-reported health, earning large incomes and were not heavy drinkers, were less likely to have any of the diseases considered here and had better health.
While the actual impact of drinking behaviour on health outcomes is not clear from Table 3 , this can be determined from Table 4 which shows diseased prevalence rates by drinker category for the age group 50-69 which is most affected by alcohol use. Notes. Frequencies start with 1, equal to less than once a month to 7, equal to every day. SR-Health is self-reported health. * is significant at 5% and ** significant at 1%, respectively. The effect of regularly drinking 4 to 6 days per week has a huge impact on disease prevalence. Consider diabetes; 19.8% of non-drinking males had diabetes but only 8.1% of those males who drank 4 to 6 times a week had diabetes. The results are even larger for females, 16.9% compared to 3.9%. Self-reported health displays the same pattern. Non-drinkers have much poorer health than respondents who drink more than 3 times a week. All of these rate differences are highly significant since the standard deviations of all of the rates in the Table 4 are less than 0.015.
Discussion
The most controversial result here is the negative association between cancer and higher levels of alcohol consumption. There is a great deal of research which shows that alcohol is a cause of cancer. A recent survey of this literature Baan et al (2008) notes that "Many studies of different design and in different populations around the world have consistently shown that regular alcohol consumption is associated with an increased risk for cancers of the oral cavity, pharynx, larynx, and oesophagus". But other studies show that the major portion of the alcohol attributable burden of the incidence of cancer is associated with drinkers who exceed the recommended number of drinks per day. This may explain the lack of association between cancer and alcohol use for the two oldest age groups since there are few drinkers in these age groups who exceed drinking guidelines. Furthermore, some of the recent longitudinal all-cause mortality or competing risk studies find no association between alcohol use and the longevity of those who have cancer so the absence of a statistical relationship has some plausibility. However, there is no evidence in this literature that supports the proposition that moderate alcohol use acts as a prophylactic for cancer so the results reported here are quite unusual.
Many studies which examine the effects of alcohol consumption on health do this by considering how drinking behaviour affects life durations using longitudinal data. They assess respondent characteristics at baseline and then track the respondents over time to see whether their life durations are related to their alcohol consumption behaviour at baseline, or in some cases historical drinking behaviour. This procedure has statistical advantages since alcohol consumption behaviour is measured prior to the occurrence of the events of interest. Morbidity has also been examined in this way except durations are from baseline to the first occurrence of a disease. A review of the literature which discusses the benefits of using self-reported health data is contained in McMinn et al (2011) .
But as argued in the methods section there is no advantage to be gained from this methodology if alcohol consumption behaviour is constant over the life course. If this is the case then information on drinking behaviour can be collected at any age. However, there are serious limitations with studies which are based on longitudinal data. First, all-cause mortality and competing risk studies focus on end of life events. To be sure, these are important; everyone wants to live longer but respondents are old when these events occur so this methodology tells us nothing about the costs or benefits of alcohol consumption for younger individuals. Hardly anyone dies between the ages of 30 and 49 so it is important to have welfare measures which are relevant to younger age groups. An individual's welfare very much depends on his or her health status and whether or not the person is free of these diseases. Self-reported health is a very good measure of individual welfare at whatever age it is collected and this makes it an attractive metric for the analysis of the effects of alcohol consumption on individuals.
Secondly, most studies delete respondents who are not disease free at baseline. When the sample populations have older respondents excluding those who suffer from coronary heart disease or diabetes will produce a biased sample since the proportions in the age group 50-69 who have these two diseases is quite large. Sample selection problems can be quite serious and it has been shown by Bergmann et al (2013) that they may contaminate the results.
It is clear that there are different types of survey that can be informative on this issue. They should be viewed as being complementary and not competing alternatives. The use of sample cross-section surveys can add to the results that are obtained from studies based on longitudinal data. The increase in lifetimes of regular drinkers who die of coronary heart disease is partly explained by the data in Table 4 which shows that respondents who do suffer from coronary heart disease are will have experienced its onset later if they have been drinking alcoholic beverages regularly.
In the Canadian case there is no alternative to the cross section data in the Canadian Community Health Surveys since neither Statistics Canada nor any other Canadian organization has organized a suitable longitudinal health survey. The one Canadian survey that does exist, the National Population Health Survey, Statics Canada (2013) contains no information on age at or cause of death and there is considerable attrition in the survey (31.3% from 1994-95 to 2010-11). As a result there is no choice and all that can be done is to make the best use of the data that is available.
In issues like alcohol use and health there is question of causality. Does moderate alcohol use lead to better health outcomes or do people drink moderately because they feel good? The results here favour the first alternative. First, as is shown in Table 2 drinking behaviour is relatively stable over age groups under 70 and this is not true of self-reported health or any of the diseases considered here so that current health status cannot explain current drinking behaviour. The relations between diseases also appear to run from moderate alcohol use to better health outcomes rather than the other way around. Some studies mention physiological mechanisms whereby moderate alcohol use directly promotes better health. O'keefe et al (2007: 1010) note that `alcohol, when used in moderation, has an anti-atheriosclerotic effect ... and confers cardiovascular protection predominantly through enhancement of insulin sensitivity and elevation of high density lipoprotein cholesterol'. It is also the case that medical advice does not usually recommend diminished alcohol use or abstinence as part of the treatment for any of the diseases involved here so the case for moderate alcohol use causing better health outcomes is quite compelling. Research on doctor visits suggests the same conclusion, McIntosh (2014) . For the relation between doctor visits and moderate alcohol use it is clear that moderate alcohol use reduces these and not the other way around.
There is one final issue which needs to be addressed and that involves the higher rates of disease among non-drinkers. It has been alleged by some researchers, Fillmore et al (2006) among others, that this result is a consequence of a classification error which arises when former drinkers are included in the non-drinker category. The health of former drinkers is usually found to be more problematic than that of non-drinkers and it is their presence in the non-drinking category that makes the regular drinkers appear to be more healthy or less subject to the diseases discussed here. This problem was investigated in McIntosh (2009) which showed that although the classification error makes a difference in the results the effect is not large enough to invalidate the conclusions of this study.
Conclusions
As noted earlier, the message from some scholars in the alcohol research community is that individuals should drink less and therefore avoid the wide variety of diseases that are associated with alcohol consumption. A good example of this is Rhem et al. (2009 Rhem et al. ( : 2273 who state that `the net effect of alcohol consumption on health is detrimental'. This misses the essential point that individuals get utility from drinking and the quality of their health is significantly better when they drink moderately. Moderate alcohol use also reduces all-cause mortality, disease prevalence, and the degree to which respondents use the health service. Alcohol is like any other consumption good. People spend money on it because it gives them pleasure and they feel better health-wise because of it. In contemporary economic theory measures of social welfare are based on individual preferences. In a utilitarian framework social welfare is the sum of individual welfares. In Canada the vast majority (81.1% of men and 74.0% of women) of Canadians as regular or occasional drinkers benefit from drinking moderately (Note 1). If Canada has a problem it is under consuming alcohol not drinking excessively. Heavy episodic drinking is rare except for males aged 20-29 and average consumption according to Statistics Canada is 8 litres per year (1.27 drinks per day for the population over age 15). Even if men drink twice as much as women the average number of drinks per day is well below what the safe drinking guidelines outlined in Stockwell (2012) . If more Canadians drank moderately this would increase aggregate welfare not reduce it.
To be sure there are individuals who are unable to use alcohol responsively and this leads to serious externalities in terms of increased traffic accidents, anti-social behaviour, and the high costs of alcoholism both to families and the health system. However, restrictive policies in terms of high consumption taxes and limits to availability by making it inconvenient to buy alcoholic beverages punish the majority for the sins of the few. Consumers are worse off because of them.
